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Table 1 Parameters of material

Parameter Split 7050 aluminum alloy
mandrel
Young’s modulus, E/GPa 218 70.3
Poisson’s ratio, u 0.13 0.33
Yield limit, ay/MPa - 455
Ultimate strength, so/MPa 3500 510
Elongation, 6/% - 10
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Table 2 Chemical composition of 7050 aluminum alloy

Element Content, w/%
Mg 1.9-2.6
Zn 5.7-6.7
Cu 2.0-2.6
Fe 0.15
Si 0.12
Ti 0.06
Cr 0.04
Zr 0.08-0.15
Mn 0.1
Al Bal.

IR 2a I TALBS R 5k FE, DO ik FE Y]
FLER. XA CMT7504 fHLE il B 7 /7 kI AL,
FFRE I 82 S AL BT R oA IREE (B 3). FFEE i #E L A7
EFFEE, FLEFIEGRAGHT, X 4% 00 B R s Ak 3B A7 it
W7, AEFHE o Ak A7 1R T 4% kAU 4, 5l S T 4485
B TAERER/NTREMYLER, Bl RE T IT
BB, RIS BTSSP A
ANSCHERE, JFaESHE TR A K AEUAR . 12T 4888
BRSO 5 R FLEE R B MoS, TR . 1%
BIFEECHLG R AGE Y 10 mm/min, A1 $H
TN SRR T 48000, SEIRRE FLBY i Ak

K H u-X360s 2 X S LRFR A1 o AT A, & T 44
O LI R BRI PE FLEE B NI SRR N A7, MR A1
N Cu Ko #8444 1 B 1R 6 BERE R FLEE S 51 S8 4
LRI B ARE, W& AR R REFLAE 1 mm, WIE
JTAEHL 5 AN a5, W S [AIEE 20 1 mm (B 4).

K 6 TJEi#J], {FE RATEE-4E 3T aVBEIR EX 144
O AL R BRA R E A TR I T, #5330 100 r/min, i
#5504 0.15 mm/r.

KH SAMST LAl IR iR B L, Il RE 1
P57 PEREDR (1 20D 9% 57 MR A% 1F, W3k 3. id3%
9% 55 DA Ik A v aRE T 4 1) 1R B A 96 3R B, R
FERIE 7 Ay o BT IR 55 5 an LA 0 ok, A
SEEF R4 Tk 4T 5 IRE R R, AR 5 7
oy B R 95 PEBE RS2 . 38 FH A L bR
- BHE 57 W5 Gi it 4 i 77 (HB/Z112-1986), it
SRR PR G % B 10 2R R R R 1 P B 55 A A A i
i Nsoo KA GNR B 7 RS, WA F X H
JE 5 109 57 1R W T30

2 BOTMERE I B B

Fig.2 Fatigue performance test setup: (a) fatigue specimen and

(b) fatigue testing machine
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Fig.4 Selection of residual stress measurement points
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Table 3 Fatigue performance test conditions

Fatigue experimental SAMST electro-hydraulic servo

equipment hydraulic testing machine
Stress level/MPa 0.70y
Stress ratio 0.1
Frequency/Hz 20
. Axial constant amplitude sine wave
Loading mode .
loading

Environment condition Room temperature, in air
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Fig.6 Comparisons between simulation results and experimental
data: (a) e=2%, (b) e=3%, and (c) e=4%
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Fig.7 Cloud diagrams of residual stress distribution on hole wall: (a) e=2%, (b) e=3%, and (c) e=4%
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Fig.8 Distribution laws of residual stress in the hole wall of the specimen of split mandrel hole expansion strengthening: (a) inlet area,

(b) middle area, and (c) outlet area
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Fig.11 Cloud diagrams of stress distribution in dangerous section of the hole wall of the loaded specimen: (a) e=0%, (b) e=2%, (c) e=3%,
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Fig.12 Stress distributions of dangerous section of the loaded specimen: (a) inlet area, (b) middle area, and (c) outlet area
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HPEARFEFLEE 1500 pm Kb3% 557 2 S0 IRTBE, 4 b oAH X
BrIE i 26 RO E AR AE 3 A% o7 L, ¥ 3
Aab (0 2 SR BT 3B AR DR R 1R 98 57 2% SR
e=0% 11 FEIE 57 25 SUEBE A 3.07 um; e=2% R A I
LA RN 2.71 um; e=3% IR 55 4 SUAEE A
2.47 um; e=4%1ARENE 57 2 SURIEE 4 2.09 pm (1] 16).
TF 45305 B FL 5 i A R FLBE B N 3 (1 5k 4 1R B 77 /)N
(B 8), ZHAXFEALEER N bk (B 12), M)
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53 3%

LRI R E, SLEESE N i N )X R 55 AF i
Ko MR HF I E S HEN I LB AR N ) 2R (&
8), HRBFEALEEN 7 2 AOC (B 12). HIXTHF
R, FLEEE BRI B AR RN F K, KT AN A 42
A 7 2R L DI REE K, 9 55 R R AT — IR OB 3R
57 2 BT TR BB YN AR T 57 R BT R
FEIN T BRE R 55 R e Ag s SRR KR 55 7%
LN

4 £ g

1) FHEFEXT B R 2 0 2, 48 SR FLET R 58
AR FLBE 55 N\ i T2 52 1 B Kk A% TR B2 g /)N T o ] )2
55 s XA FLBEAE R B, AHX B S LA B
KBRS 2 IEA .

2) WFEFLEES N, e=2%. 3%A1 4% REESL
BE e KR AN /1 246.8. 338.6 il 367.7 MPa, 4%
BN TS, e=2%. 3%F1 4% iRk AE FLBE B K5k 42 T B
J14 256.9. 327.9 f1 372.4 MPa, 4£HIn T A5 FLAE
B AR 22 H /T 20 MPa.

3) MXFEE e=2%. 3%F1 4%, 3Z#AFEFLAE
BN i i KB f1 o4 451.2. 368.7 il 321.6 MPa, JF
4 0 P AL AT A A URE FLBE T B 5K AR . 7 e T
38 53 A INAE AR F A 7= AR R 77, R R RS %
AR FE ALEE B 7 5 5AH 5%

4) FIXHEFE B e=2%. 3%A1 4% RE A % 57
Far b e=0%3 5 1 1.17. 1.52 1 1.71 %, XL
5P E 57 Ay B IEAHOG . A S ALEY R ok
TR T R R 57 IR A, 8 TR 57 S Sl BE
RELR T IR REUHi A, PRIR T IR 57 Ry RiER, M
(R W o i
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Effects of Hole Expansion Strengthening on Fatigue Properties of
7050 Aluminum Alloy Hole Structure

Liu Fei®, Su Honghua®, Xu Jiuhua®, Liang Yongnan®, Ge Ende?, Fan Zhilei?
(1. College of Mechanical and Electrical Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

(2. COMAC Shanghai Aircraft Manufacturing Co., Ltd, Shanghai 200436, China)

Abstract: In order to investigate the effect of hole expansion strengthening of split mandrel with different relative expansion amounts on
the fatigue properties of 7050 aluminum alloy, a finite element model of hole expansion strengthening of split mandrel was established,
and hole expansion strengthening of split mandrel experimental was carried out. The residual stress on the hole wall of the hole expansion
strengthening specimen and the distribution law of the stress on the hole wall of the loaded specimen were analyzed. In addition, the
relationship among relative expansion amount, residual stress and fatigue life were explored. Finally, the fatigue resistance effect of hole
expansion strengthening of split mandrel was revealed. The results show that when the relative expansion amount is 2%, 3%, and 4%, the
maximum residual compressive stress of the hole wall is 246.8, 338.6, and 367.7 MPa at the inlet area of the hole wall of the specimen,
respectively. The relative expansion amount is positively correlated with the maximum residual compressive stress of the hole wall. In
inlet area of the hole wall of the loaded specimen, when the relative expansion amount is 2%, 3%, and 4%, the maximum stress of the hole
wall is 451.2, 368.7, and 321.6 MPa, respectively; the relative expansion amount is negatively correlated with the maximum stress of the
hole wall. The median fatigue life of specimens with relative expansion amount of 2%, 3%, and 4% is 1.17, 1.52, and 1.71 times of that of
the specimens with relative expansion amount of 0, respectively.

Key words: 7050 aluminum alloy; split mandrel; hole expansion strengthening; relative expansion amount; fatigue property
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